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Abstract  
This paper presents an airship design for double hull 
arrangement with trust vectoring capabilities for oceanic 
surveillances platform. In this proposed design, it offers 
simpler construction for smaller units however may be 
difficult to control in turbulences. The problem is solved by 
identifying the optimal design and control parameters.  
Studies on the design were employed to find the optimum 
parameter to be used for the ocean applications; such as 
communication hub, station keeping and monitoring ocean 
activities. In order to drive  the airship to desired navigation 
path, an optimal control technique were proposed. The 
simulations results show that airship design were able to 
converge to the desired mission. Although the model suffer 
from rather small noise, the control scheme were able to 
overcome the problem. 
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Introduction  
Oceanography issues especially the global climate changes, 
global warming and biosphere has motivated the interest of 
many researchers. Several work such as [1],[2]and [3] 
reveals the solution for marine exploration and monitoring. 
The systems were capable to measure temperature, 
depth-averaged current, salinity, dissolved oxygen, acoustic 
backscatter and thus ease the surveillances activities. The 
challenge of deriving the true variability of ecosystems is the 
essential long-term and high-frequency monitoring and 
observations activities[2]. A number of researcher have 
investigated the oceanography issue with platform such as 
the ship[4] Human Occupied Vehicle (HOV), Autonomous 
Underwater Vehicle (AUV) [5]-[6], Remote Operated 
Vehicle (ROV) [7] and sea-glider, , boats and buoy. However, 
for real-time monitoring activities, the vehicles will required 
the several communication hub for data collection due to 
poor signal propagation in ocean water.  
In order to compensate with the long term capability for 
wide-scale environmental monitoring, the cooperative 
surveillance system is the best solution. The cooperative 
systems will enable data fusion from several of platform thus 
gathers by station keeping platform.   
Due to advances in modern technology finding, airships are 
the most environmental friendly and less-expensive UAV. 
The large-scale activities with this slow flying UAV gives 
the advantages for monitoring system with the imaging 
payload which will improve the oceanic observation.  Here, 
we discuss the non rigid airship design and show the model 
dynamic behavior for double hull arrangement. This 
arrangement was proposed in order to provide more payload 
capability with the smaller size platform thus offer lower 
platform cost.   
This lighter-than-air vehicle (LTA) has been used for many 
applications such as for military, advertising, monitoring 
ecological and entertainment. Generally, the airship was 
divided into three types, which are rigid, semi-rigid and 
non-rigid.  In this work, the blimp was chosen due to safer 
and lower construction cost. A blimp is a non-rigid airship 
that uses low density gas such as helium and hydrogen. It 
offers stationery and low speed flying with less noise 
pollution. In addition, the blimp is safer without fuel and 
crash landing. This property makes blimp as the best 
observation platform [8] 
The purpose of this work was to analyze the blimp system 
for double hull arrangement.  Due to its twin hull and smaller 
envelope size, the design suffered high instability issues. 
However, the decoupled model was proven to be 
controllable. Thus, an optimal controller was proposed to 
stabilize the blimp movement by controlling the rudder 
deflection.  The analysis on the blimp motion behavior due 
to rudder deflection was also conducted. In addition, we will 
discuss the mono hull and double hull arrangement effect on 
the motion behavior.  The rest of the paper is organized as 
follows: Section II describes the model by introducing 
assumption, kinematics and decoupled dynamic model. In 
Section deals with blimp design evaluation. The control and 
performances evaluation based on yaw rate, and roll are 
presented in section V. Finally, Section VI concludes the 
paper. 
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Approach and Methods   
In this paper, the blimp model consists of the aerodynamic 
coefficient, coriolis effect, gravity volume, and buoyancy 
based on low speed standard formulation. The blimp is 
essentially an aerial vehicle with low speed cruising 
capability with the capability of reduction of rapid escalation 
of weight and power consumption. 
 
Design specification 
The analysis was based on the troposphere layer of the 
atmospheres. Based on temperature at International Standard 
Atmosphere (ISA) at the Sea Level (SL) condition, To is 
given by 288. 15K, pressure, Po is 101325 N/m
3
, and and 
density of air, ρ0 is 1.265kg/m
3
.  The helium with density of 
0.1785 kg/m
3
 was selected as the lifting gas due to 
nonflammables and stable atomic characteristic compare to 
hydrogen.   
 
 
 
 
 
Figure 1- Airship component 
 
 
 
 
Figure 2 - Airship dimension 
 
This design was based on the selection for small blimp.  The 
model proposed in based on actual vehicles dimensions 
equipped with the wireless camera.  A picture of real 
implementation was shown in Figure 1.  
 
 
 
Figure 3 -  Actual blimp dimension 
 
In order to determine the airship analysis, simulation were 
performed using the following features. The details are 
described as shown in Table 1. 
 
Table 1- Features of the blimp 
Items Specifications 
Structure Non rigid 
Volume,     38  cu ft 
Air density,    1.265 kg/m
3 
Helium unit lift,    10.359 N/ m
3 
Max Payload ≈ 1 kg 
 
The blimp dynamic was model based on [9, 10] with some 
modifications. We have described the model based on our 
design specification.  
 
Basic Assumptions 
In order to reduce the mathematical modeling complexity,  it 
is necessary to made few assumption. The assumptions are;  
 Aircraft dynamic modeling were applied 
 Motion described as perturbation 
 The mass remain constant and aeroelastic effect are 
omitted 
 The motion is described as a perturbation about the 
initial trimmed flight condition.  
 Finally, the blimp is assumed to have steady low 
speed rectilinear flight on flat earth with a stationary 
atmosphere. 
 
 
Blimp dynamic 
  The overall dynamic model comprises of decoupled 
longitudinal and lateral states..  The list of the notation for 
the model is provided in Table II. 
 
 
 
 
 
1.6764m 
0.77m 
envelope 
gondola 
propeller 
camera 
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Table II - Notations for blimp model 
Symbol Description Units 
u Axial velocity perturbation   m/s 
v Lateral velocity perturbation m/s 
w Normal velocity perturbation m/s 
p Roll rate rad/s 
q Pitch rate rad/s 
r Yaw rate rad/s 
  Roll attitude rad 
θ Pitch attitude rad 
ψ Yaw attitude rad 
   Rudder angle rad 
δe elevator angle rad 
 
In lateral case, the state vector considered for the dynamic 
characteristics involve the state           and 
rudder deflection as the control input denoted as           .  
The model can be defined by the following state space 
representation 
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where  A= m/a  is the system state space model , B=m/b is 
the control model. In longitudinal model, the state vector 
considered for the dynamic characteristics      
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Results  
In previous study the mono hull model motion behavior have 
been tested by using the same blimp length with single hull 
arrangement [11]. Although the design converge faster 
compared to bigger size hull dimension. The single hull 
arrangement was unable to support the hardware payload 
requirement needed in the blimp design. In this study, the 
double hull arrangement was chosen to increase the total 
volume thus offer more aerostatics lift capability. This 
model will be analyzed using the simulation environment 
generated in MATLAB/Simulink.  
In this study, the model was tested for 50 s using an impulse 
signal in order to check the steady-state response. Although, 
the decoupled blimp model suffers from the unstable state 
response due to right hand plane (rhp) poles, the model was 
proven to be controllable and observable.  Therefore an 
optimal controller was introduced to provide a stable 
platform motion. 
  
Control Law 
 For a continuous time system, the state-feedback law  
u = –Kx                                          (7) 
 
minimizes the quadratic cost function. The closed loop gain 
were given by 
K =R
-1
(B
-1
S+N
-1
)                                 (8) 
 
where K is the  feedback gain. An impulse signal was 
introduced to verify the control performance. The gain 
values were generated on selection of Q and R matrix value 
based on Bryson rules.  
 
 
 
Figure 4 -  Closed loop blimp model 
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 Based on the lateral model, the optimal gains were given as  
 
K= [   -0.0013   -0.0948    0.8919   -0.1273]. 
 
Figure 4 shows the responses for the blimp model. The 
results show that the lateral and longitudinal states were able 
to converge. As we can observed, the results shows that the 
yaw rate, r  was able to converge within 20s with acceptable 
transient responses  and pitch rate, q were within 
15s.Therefore proved the blimp model were stable and  able 
to be control. 
 
 
(a) 
 
(b) 
 
Figure 4- Blimp model state response (a) Lateral closed loop 
response, r (b) Longitudinal closed loop response, q 
 
Heading motion performances 
Next, we will present the validation of the states 
behavior for lateral plane. In order to control the blimp 
heading, the rudder play an important role to provide the 
yawing rate. The rudder also were used for turning and 
overcome drift issue. 
    Positive rudder deflection - The angle of  1 to 30 degrees 
used as  input to the model which were  represented by step 
time and initial value of  0 to 50 seconds. The state responses 
were shown in Fig. 5(a). In this simulation, it showed that by 
adding angles for yawing, it deflected the body yaw angles 
and also the roll altitude where each deflection contributed 
0.87 degree for yaw rate. Even though, the model were able 
to be stabilize, the output responses suffer from rather small 
noise approximately ±0.0002. This is due to the effect of 
introduction of double hull arrangement.  
    Negative rudder deflection – Using the same setting as 
previous simulation,  the system were excited with an angle 
of -1 to -30 degree. The response was shown in Fig. 5(b). It 
can be observed, similar outputs were given with the 
different signs to represent the left and right directions. 
 
 
 
 
(a) 
 
(b) 
Figure 5-  Blimp model state response (a) Positive deflection, 
δr (b) Negative deflection, δr 
 
Comparision on hull selection 
As seen in previous simulation,  the blimp motion  were able 
to produce stable yawing motion. In this part, we will 
discusses the blimp design in term of hull structure.  Since 
the hardware required several components such as power 
system, IMU module, wireless and camera module on board. 
The hull play an important role to the blimp design where the 
selection affect the payload,  buoyancy and volume. In this 
work, we will consider the double hull blimp design. This 
design offer more payload  and reduction of length of the 
blimp thus lead to more lifting and payload capability.  
Figure 6 shows the simulation results for the double 
arrangement of a blimp model where r_desired represent the 
desired reference and r_ actual represent the output response . 
We can se from Fig. 4(a) and (b) that the yawing rate is 
successfully controlled and  achieved the desired response 
with low control signal approximately 0.863 with time rise 
of 6s and settling time of 26 s.   
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(a) 
 
 
(b) 
 
Figure 6-  Twin hull blimp (a) Yaw rate, r (b) Control 
signal,u 
Figure 7  shows the simulation result for the single hull 
arrangement of a blimp model.  In order to analyze the best  
selection of hull,  the twin hull design were compared  with 
mono hull design.  As seen in  Fig 7(a)-(b), the results show 
the . The yaw rate responses demonstrated the performance 
of the convergence response. Although this model, was able 
to produce similar output however  the state were affected by 
glitch with amplitude of 0. 3s. It can be observed that the 
yaw rate was able to stabilize according to the desired input 
with low control signal of 0.965, which was produced to 
overcome the glitch. The glitch was contributed by the hull 
dimensions due to stability issue caused by sudden changes. 
 
 
(a) 
 
 
(b) 
 
Figure 7-Mono hull blimp (a) Yaw rate, r (b) Control 
signal,u 
 
 
We  have included data for response performances and 
payload capability. The detail  simulation data for both 
model were summarized in table III. It can be observed that 
the mono hull provided a faster response compare to twin 
hull.  However, the double arrangement  offer  double 
payload capacity compensated with the hardware 
requirement. The twinhull model responses were acceptable 
and offer more buoyancy lift compare to mono hull model. 
 
Table III - Comparison for the single and double hull 
arrangement 
 
Hull  
arrangement 
 Twin 
hull 
Monohull 
Rise Time,Tr 6s 4s 
Peak Time,Tp 22s 6s 
OS Nil 0.3 
Settling time,Ts 26s 7s 
Error 0.01 0.0004 
Volume 38 cu ft 19 cu ft 
Payload 1kg 500g 
 
Throughout the analysis, the twin hull model is able to 
achieve the control objectives. Although the model suffers 
from small response noise due to the diameter of hull, the 
responses were able to achieve the optimal control signal for 
navigation purposes 
Conclusion 
In this paper, we have described the blimp model using state 
space method and proposed the optimal controller for 
heading and pitch control. The model proposed was the  non 
rigid airship model with double hull arrangement using 
helium as the lifting gas. In this design, the gondola was fix 
with surveillances camera to enable ocean surveillances thus 
ease the detection of cooperative platform for ocean 
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surveillance.  This platform will act as the station keeping to 
enable continuous data collection from all the cooperative 
platform. The optimal controller was design to provide the 
optimal control value for the platform to achieve the desired 
path planning. We find that, the proposed model and control 
techniques were successfully compensate with the 
aerodynamic, gravity and buoyancy effect. For the 
performance, the motion behavior rather oscillate compare 
to monohull due to introduce double hull envelop but it 
provide more lift to help carrying the payload the required 
several sensor and processor.  
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